We presented a new method for measuring the squares of the amplitudes and phases of partial vortex-beams in a complex beam array in real time. The method is based on measuring the high-order intensity moments and analyzing the solutions of a system of linear equations. Calibration measurements have shown that the measurement error at least for an array of 10-15 beams does not exceed 4%. When measuring beams with different fractional topological charge of optical vortices, we revealed a sharp decrease in the OAM for small deviations of the topological charge from the integer order which is associated with a sharp increase in the number of integer-order vortices. The application of this approach e.g. for the terabit-information processing in optical fibers provides significant advantages in comparison with the traditional diffraction methods and opens up additional possibilities of information compressor when modulating not only the OAM but also phases of partial beams
The intensive development of singular optics stimulates the search of new express methods for creating and measuring the composition of optical vortices (the vortex spectrum) and the orbital angular momentum (OAM) in complex arrays of simple vortex-beams. The term "vortex spectrum" as used in the text means the dependence of the square of the amplitude and phase of the standard vortex-beams on their azimuthal index (topological charge). In its physical nature, an optical vortex is a simple phase structure with a helix wavefront, whereas an array of optical vortices forms a peculiar phase skeleton of a complex paraxial beam [1] . Even a weak effect on the individual vortices of the array leads to a distortion of the phase skeleton and, consequently, to the loss of basic information embedded in the singular beam. There are many approaches to measuring the properties of vortices in an array based on aperturing some sections of the wavefront surface (Shack-Hartman method) or sorting individual beams in accordance with their azimuthal index (see, e.g. a detailed review in [1] and references therein). All of them are accompanied by cuts of the wavefront and partial loss of information. Nevertheless, important properties of the optical vortex array can be preserved and improved provided that diffraction optical elements (DOEs) are used for telecommunications systems, cryptography, entanglement devises, etc [2] [3] [4] [5] . The first attempts to transmit compressed information flows in complex beams due to the coding of OAM via DOEs were associated with a low quality of the optical vortex separation and the overlapping of various partial beams in the same diffraction orders [6] . A significant contribution to the technology of DOEs was made by Kotlyar, Khonina, Soifer et al (see Ref. [7] [8] [9] [10] .and references therein). Their holographic filters made it possible to form complex beams and to separate a great number of vortex-beams comprising in an optical array. Further development of this approach was implemented in a variety of devices for terabit information transmission through free space or optical fibers [11, 12] . However, many optical wave structures, such as vortex-beams with a fractional topological charges, optical quarks, etc [13] [14] [15] require continuous monitoring of the amplitude, phase, polarization, and OAM of the partial vortices in the wave array, which can not provide diffraction methods
Is it possible in principle to simultaneously measure the amplitude, phase, and OAM of partial vortices in a complex beam array without destroying its internal structure? The use of refractive elements to measure OAM [16] does not solve the problem, since it introduces significant phase and amplitude distortions into the beam. The vortex spectrometer proposed in [17] also does not provide a solution to the problem, since a change in the beam aperture and its subsequent coupling with a single-mode fiber breaks substantially the structure of the vortex array.
In connection with this, we focused attention on the properties of the Wigner function distribution and its adaptation by Hu for optics in the form of intensity moments [18] . The fact is that the second-order intensity moments make it possible to measure not only certain parameters of a paraxial beam [19, 20] , but also to control the inner state of optical vortices (intrinsic and extrinsic OAM etc) without changing the beam structure [21] [22] [23] .
The aim of our letter is to demonstrate ant to test a method for controlling the vortex spectrum of a vortex-beam array via a measurement of high-order intensity moments
1.
As the simplest model for analysis, we choose a scalar wave field in the form of a superposition of the N monochromatic Laguerre-Gauissian beams m n
LG of the lowest order, where n and m are the radial and azimuthal indices, respectively, so that all the beams have the same waist radius 0 w at 0. z = We shall consider the wave field in the waist plane in the form ( ) 
Note that the first term in the expression (2) to measure each term of all sum. To this end, we introduce the standard expression for the intensity moments [18] ( )
where , 0, 1, 2,3,,, , p q = The intensity moments (3) can be experimentally measured [19] . Now the problem is to choose a combination of intensity moments , p q J in such a way as to exclude all terms of the last two sums and leave only the first one in eq. (3). A direct calculation shows that this requirement is satisfied by the relation
Substituting eq. (2) into eq. (3) and taking into account relation (4), we obtain a system of 2 N − linear equations for the squares of amplitudes
In order that the system of equations become complete, we put formally 1/ 2 p = then we find ( ) 
where ( ) equations in each system (7) and (8) is
It is noteworthy that the eqs (7) and (8) 
2.
Measurements of the square of the amplitude, phase, and the OAM of the array of N beams were carried out on the experimental setup in Fig.1 measuring the OAM per photon, described in detail in the paper [22] . The method was based on the measurement of the second-order intensity moments To calibrate the optical systems in Fig,1 we first measured the squares of the amplitudes beams did not exceed 3-4% for amplitudes and 5-6% for phases. We found out an increase in the measurement error for the phases with increasing a number of beams. So for N=20 beams, the phase measurement error increased to 10%, while the error of the square amplitude increase only to 5%. We associate such an increase of the measurement error with the low resolution of the liquid-crystal matrix in the light modulator (SLM) while in our case, the LQ-matrix resolution of the SLM is 900 900 pixels ×
3.
Analyzing the dependence of the OAM per photon z ℓ on the fractional topological charge p of the singular beam (the OAM spectrum), Berry predicted [24] that the angular momentum Fig. 1 (see Ref. [22] ). The experimental circles in Fig. 4b are located near the theoretical curve indicating the sharp decrease of the OAM in the region of fractional charges p in contrast to the predictions in Ref. [24] . But what physical processes are responsible for this effect? The question is answered by the experimental vortex spectrum ( ) 2 m C m , shown in Fig. 4c . We see that a small deviation from the integer-order charge m leads to the birth of a wide range of vortices. Since the OAM per photon z ℓ is calculated as the ratio of the beam OAM z L to its intensity 00 J , for integer charges m we deal only with one vortex, while a fractional charge p corresponds to a large number of integer-order vortices with different weights. As a result, the OAM sharply decreases for fractional-order charges.
Thus, we have examined and tested the method of real-time measurement of the vortex spectrum (the nondegenerate case) in the composition of complex arrays of singular beams. The analysis of the degenerate case requires complementary measurements in the changed symmetry of the beam. The application of this approach e.g. for the terabit-information processing in optical fibers provides significant advantages in comparison with the traditional diffraction methods.
